ied to date contain a Snf2p-like catalytic subunit, the Despite the important role ATP-dependent remodeling complexes play in gene regulation, it is not known how remaining subunits of these complexes diverge considerably.
the ATPase motors they contain are able to alter chromatin structure. Here we describe an assay capable of Surprisingly, given the homology that Snf2p shares with DNA helicases, SWI/SNF was found not to function detecting localized increases in unconstrained negative superhelical density. We use this assay to detect the in classical strand displacement assays for helicase activity (Cô té et Figure 1B . sion activity were observed over both MonoQ (data not shown) and Superose 6 columns (Figures 2A and 2B ). In order to show that the extrusion activity required the functional ATPase domain of Snf2p, we purified SWI/ Lane 3 contains the same plasmid DNA following digestion with the resolving enzyme Endo VII. As this DNA SNF complex from a strain in which the Snf2p ATP binding cassette has been mutated by the point mutation is negatively supercoiled, the inverted repeat is in the extruded form and the DNA serves as substrate for lin-K798A. Figures not require a chromatin-assembled template suggests that cruciform extrusion is a direct measure of Snf2p Figure 3D illustrates We have used a cruciform formation assay to detect the transfer. We found that SWI/SNF complex was able to generation of negative superhelical density within linear function on chromatin-assembled DNA in a fashion simi-DNA molecules by the yeast SWI/SNF complex and lar to that observed for free DNA (Figure 6 , lanes 1 and other ATP-dependent chromatin remodeling activities. 3). Thus, SWI/SNF is able to generate superhelical torSince these include members of the Snf2, ISWI, and sion on both free DNA and nucleosomal arrays. We next CHD1 classes of ATP-dependent chromatin remodeling tested the ability of recombinant ISWI to function in the activity, it is possible that DNA twisting represents a primary biomechanical activity shared by all ATP-dependent chromatin remodeling activities. The ability to apply superhelical torsion to DNA represents a powerful means by which chromatin structure can be manipulated and provides the opportunity for new insights into the function of this family of proteins.
How Do ATP-Dependent Remodeling Activities Generate Torsion?
To generate localized superhelical stress within DNA fragments, ATP-dependent chromatin remodeling activ- Figure 7D) .
One of the outcomes of the remodeling pathways deThis means that alteration of unconstrained superhelical density by ATP-dependent chromatin remodeling activipicted in Figures 7A-7D is the repositioning of nucleosomes along DNA. However, it is likely that the superhelities could affect the ability of nucleosomes to undergo higher order folding (see Figure 7E ). Recent in vivo studcal stress generated by chromatin remodeling activities can be adapted to enable chromatin structure to be ies provide evidence in support of remodeling at this level (Krebs et al., 2000) . The ability of chromatin remodremodeled in other ways. For example, it is quite feasible that a proportion of the twist or writhe generated might eling activities to alter the higher order folding of chromatin by altering DNA twist would be reversible if the become trapped on the surface of a nucleosome. These trapped intermediates would be predicted to share orientation of the twisting could be changed. Thus, the orientation in which the SWI/SNF complex is recruited many of the properties that have been detected in remodeled chromatin. These include altered nuclease may influence whether it stabilizes the formation or disassembly of higher order chromatin structure. sensitivity (Cô té et 
